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ABSTRACT 
The peroxidase isoenzyme banding pattern of 15 Ken-
tucky bluegrass (Poa pratensis L.) cultivars was investi-
gated for use in identification. Isoenzymes were separated 
by polvacrylamide slab gel electrophoresis, stained with 
benzidine-H,O" and the relative intensilies of the bands 
evaluated with a densitometer. Cultivar separations were 
made on sin~le  seedling samples at the 1~ level of confi-
dence using band number, mobility, and intensitv rarios. 
Overall variability of the procedure was emluated using 
a horeradish peroxidase standard and the effects of seed-
ling age and seedlot determined. Of the 15 cultivars, II 
could be separated individually, whereas the remaining 
4 were grouped into two pairs. Band mobilities for the 
standard and the cultivars varied I to 3"{, , whereas 
intensitv ratios varied 9~  for the standard, and 5 to :Wn{, 
for most cultivars. ?Iieither seedlot, seedling age, nor leaf 
position on the same seedling affeeted the peroxidase iso-
enz)'me banding pattern. 
Addititmal index words: Poa pratensis L., Electro-
phoresis. 
T HE need for precise descriptions of plant cultivars has intensified with passage of the Plant Variety 
Protection .\ct of ]970. In the past. cultivar identifica-
tion was primarily based on v'isual descriptions of 
plants or seeds t.2, Y). Dev'clopment of new cultivars 
which lack distinguishing morpholog-ical characteris-
tics has emphasized the need for more positive identi-
fiction. .\. chemical or biochemical test \\'hich could 
iden tifv clll tivars based on f] uanti tative characteristics 
would be most useful. Efforts to utilize chemical or 
biochemical differences for cultivar characterization 
were reviewed bv .\fc1~ee (3). 
The protein content of Kentucky bluegrass (Poa 
jJratensis L.) has been studied for identification pur-
poses (l, ,'~).  Poiyacrvlamide gel electrophoresis 'was 
llsed to separate the proteins which were then stained 
with Commassie Blue. Several (8) or all (l) of the 
cultivars used failed to show reproducible banding pat-
terns. 
There have been indications that isoenzvme com-
position may be useful for identification pur'poses (3). 
Moberg (-t) investigated the peroxidase isoenzyme 
b<l?ding patterns of 17 Kentucky bluegrass cultivars 
usmg starch gel electrophoresis. He made separations 
based on position and intensity of the stained isoen-
z~mes  on the gel. However. limitations in procedure 
dId not allow quantification of cultivar differences. 
The objec.tives of this study were: a) to reexamine 
the peroXIdase isoenzyme composition of Kentucky 
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bluegrass by using improved equipment and proce-
dures to quantify cultivar differences; and b) to assess 
the effect of age, intraplant variability, and seedlot on 
the peroxidase pattern. 
:\IATERIALS AND METHODS 
The cullivars and their seed sources used in this study are 
li'ted in Tabl~  1. Sceds were blotter germinated in a Cleland 
model ;,OOTL germinator (8 hours light at 30 C and 16 hours 
dark at 15 C/. Seedlings were transplanted into 5 X 5 X 5 cm 
pot'paks filleti with a 50:50 (vollvol) mix of washed river 
'and and Jiffy ~Iix.  The pOts were placed in a growlh cham-
ber (1~  hours light, 1,560.8 lux, at 26 C and 12 hours dark at 
~l  Cl for ~l  days to guarantee enough sin~le  seedling tissue 
(no roOIS) for extraction. Tissue was lyophilized. weighed, and 
-lOred in a desiccator at -4 C. 
The peroxidase isoenzymes were extracted by grinding tissue 
"jlh 0.Oi5 ,\l tris-sulfate buffer (0.2 ml buffer/mg tissue), pH 
9,0. with a morrar and pestle. The slurry was centrifuged at 
:l0.000 X g for 30 min at -1 C and 80JLI of the supernatem was 
Ibed ior electrophoresis. 
.\cnlamide gel casting and operating procedures for the 
Orrec 4010 SVSlern (Ortee Inc., 100 Midland Road. Oak Ridge. 
T:'\ :~;8:l0l  used in' this study are described in the equipm~nt  
in'lfucllOn manual 15). :\ 7.50'0 separaling gel and a 4.5""0 
-13cking gel "ere used. The gel buffer was 0.375 M tris-sulfate 
and the 'tank buffer was 0.065 J[ tris·borate. both at pH 9,0. 
Electrophoresis was lerminalt'd when a bromphenol blue dvc 
marker' had migrated !O the boltom of the' gel. Gels were 
-tamell for peroxidase in a manner similar to that of Thorup 
el al. ";1. However. the following modifications were made 
in lhis research. Benzidine dihvdrochloride '().25 g! was mixed 
,,'nh ~  :nl llr glacial acetic acid which was lhen added to 250 
illI of deionized water. This solution was placed in a conSlam 
temperalllre water bath <.25 C) and 5 ml of 200:;, hvdrogen 
peroxide was added. Gels were stained for IS min. The modi-
fied Slain contained less benzidine than the -lain of Thoruo 
el al. in) but gave similar results. :"0 destaining was reqUired. 
Several common bands developed near the origin for all 
cultivars and were 
10 four additional 
Culti"a,. 
Delft 
Parade 
Galaxy 
Svdsoon 
Wind'sor 
Glade 
Nugget 
Fylking 
Pe-nnsr..ar 
Newoort 
Men~n  
K-150A 
K-16g 
K-170 
K-190 
of no value in scparallOn. However, two 
bands, depending on cultivar, were found 
Table 1. Source of seed. 
Source of Seed 
1972 Northeast Regional Bluegrass restt 
1972 Northeast Regional Bluegrass Test 
1972 Northeast Regional Bluegrass rest 
1972 Northeast Regional Bluegrass rest 
1972 Northeast Regional Bluegrass rest 
1972 Northeast Regional Bluegrass rest 
1972 Northeast RegIOnal Bluegrass Test 
1972 Northeast Regional Bluegrass Test 
1967 and 1968 Breeder's Seed. Pennsylvania AES. eSA 
Foundation Lot M12-6-66. and CertIfied Lot ~1l2-6-'i3  
1972 Northeast Regional Bluegrass res!. 1973 Br.ed.rs 
Seed. and Cenified Lot M65-5-M12A 
1~66  Parent Plant. 1972 Second Generation grown in 
University Park, Pa.• and 1973 Second Ceneralion 
grown in Oregon 
1965 Parent Plant. 1972 Second Generation grown in 
Oregon, and 1973 Second Generation grown in 
University Park. Pa. 
1965 Parent Plant 
1967 Parent Planl, and 1973 Second Generation grown 
in Unlversity Park., Pa. 
t Seed supplied by agencies holding proprietary rights. 
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to be useful for separation. The mobility of these bands was 
determined by the equation: 
M = (B.v'D.) X (GI./Gl.) 
where M was mobilit1', Ed the distance of the band from the 
origin, D. the distance of the marker dye from the origin, 
GI. the gel length before staining. and GI. the gel length after 
staining. 
Stained gels were scanned on a Clifford model 445 densi-
tometer set at 450 nm with slit dimensions of 1.5 X 0.15 mm. 
Scans were made from the bottom (anode) to the top (origin) 
to facilitate zeroing of the densitometer. Horseradish peroxi. 
dase (HRP) was included in each run and scanned as a stand-
ard for each gel. Peak heights (mm) measured fro~  densito-
meter tracings were used to calculate intensity ratios for all 
combinations of useful bands for each cultivar. 
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The culth'an were grouped according to band number for 
statistical analysis. A completely random design with unequal 
replication (cultivars were run 6 to 12 times) was used with 
a separate analysis for each mobility and ratio in the group. 
Coefficients of variation (C.V.) for the mobilities and intensity 
ratios were also calculated. 
Gel Variability. Within gel variability was evaluated by 
running 10 subsamples from one Pennstar extraction. Gel-ro·gel 
variation was checked by running a HRP standard in all gel! 
used in the identification experiments. This standard reflected 
any difference in gels and staining procedure. Sample varia-
tion was studied by running nine individual samples from 
the same Pennstar seedlot on one gel. Coefficients of variation 
for the mobilities and intensity ratios were calculated. 
Seedlat Variability. Samples from two Merion, Pennstar, and 
~ewport  and three K·150A and K-169 seedlots were run in 
Table 2. Band mobiliti~  and intensity ratios for the six Kentucky bluegrass cultivars in the four band grouping. 
Mobility of band;- Intensity r.tio 
Cultivar 1 2 3 4 2!lt 3/1 4/1 213 214 314 
Delft 0.61 a" 0.56 b 0.50 b 0.42 a 0.53 d 0.59 e 0.70 b 0.90 b 0.76 c 0.85 d 
Nugget 0.62 a 0.51 e 0,48e 0.43. 1.58. 1.31 a 1.40. 1.16 b 1.14 be 0.99 cd 
Glade 0.62 a 0.51 b 0.52 a 0.43. 0.82 b 0.98 b 0.15 b 0.85 b 1.11 be 1.32 a 
K-150A 0.62 a 0.57 ab 0.51.b 0,43. 0.66 cd 0.23 d 0.51 e 3.10. 1.37 b 0.51 e 
Windsor 0.62 a 0.51.b 0.52 a 0,43 a 0.84 b 0.28 d 0.25 d 3.18. 3.46. 1.17 be 
K-169 0.63 a 0.58a 052 a 0.43a 0.71 be 0.21 d 0.51 e 4.00 a 1.42 b O.43e 
• Within columns. values havmg a tetter in common are nol s.g.,ificantly different al the 1% level by the Duncan's modified L.S.D. test. 
t Bands were numbered separately for each culttvar from anode to orIgin. 
AIClllE ~ _ 0AlGlN ANODE ORIGIN ANODE ORIGIN 
+ 0+ () + ,'L+~~-~  
GALAXy I\i: <-9) i OO-fTI 
M A (\:1 ~  I I I ~ ~ n
,Ju,vJV Ii jV v~\! ) , JI J'\fijV \I 
57 ~  0 !l6 .48 43 63 !S7 .52 .61 .:l6.,.;J .'4Z 
Gl.AllEJ~l}'I-MI' ~~Ij, \i~". ,11\, II 
~ .57 .S! .+4 0 57 .48 .+4 62 .~.52  .43 
:;J , I I ,! 1\ I , 
<.> 
~ 
K-17O 
.41 31 
MOBILITY 
Fig. 1. Demitometer tracings of the peroxidase isoenzyme banding pattan. for the 15 Kentucky bluegrass cultivars. Mobilitie! 
are indicated for bands used in separation. 
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adjacent wells of a gel to test for variability in the peroxidase 
isoenzyme patterns due to seedlot. \'isual inspections of the 
gel and densitometer tracings were made. 
Intraplant Variability. Individual leaves were separated from 
several similar sized Merion seedlings. Leaves from the oldest 
to the youngest were combined according to age and were 
run on the same gel. 
Effect of Off-t)·pe. Four off·types were selected in a Penn· 
star foundation seed field in Oregon. Based on appearance, they 
were believed to have been the result of an unreduced egg of 
Pennstar being fertilized by a reduced pollen gamete of Penn· 
star in an isolated breeder's nursery. Each was found to be 
highly apomictic, and showed only slight phenotypic differences 
when grown as field space plants. Samples of Pennstar and 
these off-types were grown, prepared. and run as previously 
described. 
Age Variation. The effect of seedling age on the peroxidase 
isoenzyme pattern was studied using Newport and Merion. 
Seeds were placed in the germinalOr each day for 3 weeks 
and 9 days after start of germination were. placed in the 
growth chamber. At the end of 1 month, seedlings. ranging in 
Table 3. Band mobilities and intensity ratios for the eight 
Kentucky bluegrass cultivars. in the three band grouping and 
Galaxy. 
Mobility of bandT Intensity ratio 
Cultivar 1 2 3 2i1t 3i1 2'3 
Sydsport 0.63.· 0.57. 0.52 a 0.B9 de 0.23 e 4.02. 
Par:ade 0.62a 0.57 a 0.51 a 0.B1 e 0.95 e 0.86 d 
K-l70 0.62 a 0.57 a 0.52 a 1.38 be 2.15 a 0.G5 d 
Newport 0.62 a 0.57. 0.51 a 1A1b lAB b 0.95 d 
Fylking 0.51 b 0.52 b 0.44 b 1.33 be 0.43 de 3.14 b 
Merion 0.56 b 0048 e 0.44 b 1.71 a 0.9t e 1.90 e 
Pennstar 0.56 b 0.52 b 0,43b 1.25 e 0,41 d 2.79 b 
K-190 0.56 b 0,48e 0,43 b 1.05 d 1.04 c 1.01 d 
Gallxy~  0.58 0.52 0.99 
* Within columns. values having a letter in common I.re not significantly differpm; 
.t the 1% level by the Duncan's modified LoS.D. test. t Bands were 
numbered separ:ately fnr ••ch cultivar from anode to or~in.  :;: Galaxy 
had only two characteristic bands and was not included in the AOV. 
age from just germinated to 21 days in the growth chamber 
were harvested and lyophilized. Seedling samples of the same 
age were combined to provide enough tis.~ue  for extraaiou. 
.-\ large sample (4 mg) was extracted in 0.2 ml buffer to allow 
for bulk sampling of older tissue also. Supematent (40 JLl) was 
applied to the gel and current WlL§ passed until the fourth 
band of a myoglobin mark.er had migrated 2 em. 
RESULTS AND DISCUSSION 
Separation of 15 Kentucky Bluegrass Cultivan 
Peroxidase isoenzyme banding patterns differed con-
siderably among the 15 cultivars tested, although sev-
eral common bands were found for all cultivars. In-
itial separation was made according to the number of 
bands use(ul for identification. 'Galaxv' had two char-
acteristic bands; 'Fylking; 'Pennstar,' :Parade,' K·l90, 
'Merion,' 'Newport,' K-170, and 'Sydsport,' three: 
'Windsor,' K·169, 'Nugget,' 'Delft,' 'Glade,' and K· 
I50A, four (Fig. 1). Some cultivars showed similar-
ities in the nature and number of peroxidase isoen-
zymes present. However, separation was also made on 
the basis of relative differences in the activity of the 
isoenzymes for each cultivar. For example. \Vindsor 
and K·150A had four bands with the same mobilities. 
but by comparing the intensity ratio of bands 2 and -4: 
(2/4), they could be separated. Tables 2 and 3 show 
the mobilities and intensity ratios for all cultivars. 
Newport and K-170 had three bands in the same posi. 
tion, however, their intensity ratios were different. 
Three cultivars (Merion, Nugget, and Delft) had dis-
tinct banding' patterns and could be consistentlv rec-
ognized without densitometer tracings. 
By using band number. mobility. and intensity ratio 
differences. the uniqueness of individual peroxidase 
15 BUJEGRASS CULTIVARS 
THREE SAHOS TWO BAHOS 
,------~ 
! GALAXY I 
~ 
1<-190 
PENNStUl 
MERKlH 
FYUClNG 
----.-
fOUR BAHOS 
K-I70 
Fig. 2. Flowchart fOf: separating the IS Kentucky bluegra.u cultivars used. 
,I
i
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Table 4. (i) and coefficients of variation (C.V.) for the mobili. 
ties and peak height ratios of Pennstar Kentm.:ky bluegrass 
and horseradish peroxidase. 
Mobilities 
Band 1 Band 2 Band 3 
X C.V. (%) x C.V.(%I x C.V.(%) 
Pennsw /9 indiVidual 
samples. on one gel I 
PennstaI110 subsamples 
on one gel) 
Horseradish peroxidasi> 
(11 subsamples on 11 gelsl 
0.55 
0.58 
0.32 
1.42 
1.62 
2.60 
0.50 
0.53 
0.41 
1.56 
1.72 
2.27 
0.42 
0.46 
1.65 
1.45 
Intensity ratio 
2/1 3/1 2J3 
x C.V.(%) x C.V.(%) i C.V.(%) 
Pennstar (9 indi\idual 
samples on one gel t 
Pennstar (10 subsamples 
on one gel) 
Horseradish peroxidase 
(11 subsampies on 11 gelsl 
1.36 
1.50 
1.00 
7.10 
3.80 
9.10 
0.41 
0.55 
25.70 
11.70 
3.57 
2.77 
27.19 
10.13 
patterns 'was ascertained and a flow chart (Fig. 2) was 
construcred to show the cultivar separation. Eleven 
of the 15 cultivars used in this experiment were sep-
arated individualh-. The three-band cultivars Fvlking 
and Pennstar eouid not be separated. nor could the 
four·band K·150.-\ and K-169. Fylking and Penns tar 
are known to be phenotypically similar, but the latter 
two are quite distinct. Although these two pairs can-
not be separated by peroxidase isoenzyme panern, 
their obvious genetic divergence may be manifest in 
some other isoenzyme system. Efforts to further seD-
arate these grasses using esterase isoenzyme patter~s  
were unsuccessful due to limited. banding. 
Variabilitv 
Sample and technique variation were a major con-
cern in interpreting data. Coefficients of v;u:iation 
and means for the mobilities and intensitv ratios meas-
ured in the sample and technique vari"ation studies 
are shown in Table 4. \Iobilitv showed little varia-
tion within and between gels and was the most reli-
able indicator of cultivar differences. The C.V.'s were 
less than 3.50-;, for all cultivar mobilities. 
The amount of variation in the intensity ratios is 
important since several cultivars had bands in the 
same position but differed in their relative intensities. 
The C.V. for the first intensity ratio of Pennstar (Ta-
ble 4, Sample and Technique Study) was 7.1%; how-
ever, the C.V:s for the second and third ratios were 
quite large (26 and 27%). The second and third ra-
tios also had higher C.V:s than the first when sub-
samples were used. Apparently, band three of Penn-
star was sensitive to within gel variation. Variability 
of the intensity ratio of the HRPstandard (9.1%) was 
similar to that for the subsample run of Penns tar. 
Therefore, it appeared that a minimum of 10% varia-
tion in the intensity ratios could be expected. Varia-
tion above 10% was attributed to the variability within 
the cultivar. The variation in the intensity ratios 
shown by all cultivars are listed in Tables 5 and 6. 
Although several cultivars (K-170, K-150A, K-169, and 
\Vindsor) exhibited a large variation in their intensity 
ralios, the variation was not large enough to prevent 
Table 5. CoefFcients of variation for the intensity ratios of the 
eight Kentucky bluegrass cultivan in the three band grouping 
and Galaxy. 
C.V. 
Intensity ratio 
Cultivar 2/lt 311 213 
% 
Sydspon 
Parade 
K-170 
Newport 
Fylking 
Merion 
Pennstar 
K-190 
7.50 
10.58 
22.58 
5.83 
7.72 
8.89 
4.68 
13.00 
18.18 
14.27 
25.87 
6.72 
9.15 
9.86 
21.07 
6.88 
13.51 
5.30 
7.66 
2.94 
12.12 
7.55 
26.59 
11.37 
Galaxy 2.59 
t Bands were numbered separately for each cultivaI from anode to origin. 
Tahle 6. Coefficients of variation for the intensity ratios for 
the six Kentucky bluegrass cultivan in the four band grouping. 
c.v. 
Intensity ratio 
Cultivar 2!lt a,l 4,1 1'\'':) ... ;0.1 2!1 3'4 
~  
Delft 
~ugget  
Glade 
K-150A 
Windsor 
K-169 
9.38 
10.78 
13.53 
24.05 
12.56 
27.32 
6.09 
10.28 
10.74 
29.56 
30.51 
47.'jl 
7.93 
9.69 
17.33 
31.70 
1,.48 
25.70 
12.44 
13.80 
15.63 
42.37 
26.32 
55.12 
14.aO 
14.98 
14.65 
29.51 
21.60 
16.37 
6.86 
12.,1 
14.82 
48.02 
38.93 
42.01 
t Bands were numbered separately for each cultl\l-aI from anode to origin. 
separation bv ~tatistical  procedures. Other than the 
pairings of K-150A and K-169, and Pennstar with hi· 
king, only K-170 and Newport shm.....ed the possibilit\, 
of overlap for the intensity ratio used to separate 
them. If both showed the maximum variation for the 
intensitv ratio 311, the values for this ratio would 
coincide. However, these cultivars were separated by 
Duncan's modified L.S.D. test (7) at the 1% (K = 
500) level as indicated in Table 3. 
There were no differences due to seedlot in the 
peroxidase patterns of Merion, Newport. Pennstar, K-
150A and K-169. The mobilities and intensity ratios 
showed anI'll the normal variation. One seedlot of K-
150A showed more within lot variability than the other 
two, but the basic pattern was the same for all three 
lots. The results indicated that separation of these 
cultivars was not affected by different seedlots. 
Intrap1ant Variability 
j 
!1 
.~ 
~ 
.~ 
The peroxidase isoenzyme bands for the individual 
leaves of Merion showed the same mobilities as those 
of the whole plant sample. Individual leaves did 
show activity differences. The second leaf had wider 
and darker bands than the others. The intensity ra-
tios for individual leaves did not differ from those 
found for Merion in other runs. Therefore, any foliar 
portion can be used for analysis. 
Age 
An important consideration in any cultivar identifi-
cation procedure is the time needed to grow the plant 
and perform the test. If the same time allotted for a 
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DISTANCE FROM ORIGIN (eM) 
Fig. 3. Iknsitometer tracings of the peroxidase patterns of Merion and Newport Kentucky bluegrass at several seedling ages. 
Time ~  gro~'th  chamber is indicated.. Seedlings were placed in growth chamber 9 days after start of germination. 
standard seed germination test was available for 
varietal purity testing, 28 days could be used to grow 
and analyze a bluegrass sample. Minimum sample 
size for the isoenzyme procedure is 1.5 mg of lyophiliz-
ed tissue. A seedling of the necessary size can be 
grown in 22 to 28 days from seed or 12 to 18 days 
after it is in the growth chamber. The position and 
relative intensities of the isoenzymes must remain 
constant during this time so that seedlings of various 
ages can be identified correctly. 
The characteristic peroxidase isoenzyme bands did 
not noticeably change with age for Merion and New-
port seedlings (Fig. 3). There was however, a slight 
change in the banding pattern as the seedlings were' 
taken from the germinator to the growth chamber 
when characteristic bands became darker. The mobili-
ties of the bands were not calculated because the 
bromphenol blue dye marker came off the gel before • 
the runs were finished. Current was passed for a 
longer period of time in the age study so that the 
bands.woul~  be spread out more on the gel to reveal 
any slIght dIfferences. The gels showed no difference 
due to age in the distance of the bands from the 
ongm. For the 12 to 18 day period when seedlings 
were the necessary size for sampling, the three intensi· 
ty ratios for ~Ierion  varied 7.3, 9.0, and 9.9% while 
Newport's varied 6.1, 4.9, and 3.8%. This variation 
is approximately equal to that shown by Merion and 
Newport samples of the same age (Table 5.). There-
fore, seedling age had no apparent effect on cultivar 
separation. 
Pennstar Off-types 
It was of interest to know if the peroxidase patterns 
of progeny off-types were different. Pennstar and 
its four off-types exhibited the same banding pattern. 
The mobilities were the same, and while values for 
the intensity ratios were different, they were in the 
range of those shown by Pennstar in previous runs. 
It was concluded that these off-types could not be 
distinguished from Pennstar by their peroxidase iso-
enzyme pattern. Since morphological differences were 
used to select these off-types from Pennstar, it may 
be possible to use some other isoenzyme to separate 
them. 
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